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Abstract 
This paper presents the development and design of proximity coupled feed patch antenna as a bio-sensor. This sensor system consists of a 
two-layer Flame Retardant (FR-4) patch antenna coated with Multi Walled Carbon Nanotubes (MWCNTs) for absorbing bio-molecules. 
The best design of patch antenna is chosen based on simulation results using Computer Simulation Technology (CST) microwave studio 
software. After adding bio-material on the top of antenna and interaction with MWCNTs based on the changes in the effective dielectric 
constant, the resonant frequency of patch antenna is changed. Experimental results have shown 1 MHz change in resonant frequency of 
patch antenna upon exposure to ethanol. Based on operating frequency (5 GHz) this technique can be used in network sensor systems to 
measure bio-materials in future research. 
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Centre of 
Humanoid Robots and Bio-Sensor (HuRoBs), Faculty of Mechanical Engineering, Universiti Teknologi MARA. 
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1. Introduction 
After discovering Carbon Nanotubes (CNTs) by Ijima in 1991, it plays an important role in sensing devices [1]. Interesting 
properties of CNTs including high surface area, nano-scale size and high electrical conductivity allows researcher to achieve 
higher sensitivity in sensors. In the past decade many of researchers demonstrated the feasibility of CNTs in sensor system 
to detect bio molecules which includes the work of Clendenin in DNA detection [2] and work of Besteman using CNTs as 
single-molecule biosensors [3]. Difficulty in contact requirement and long recovery time (up to 10 hours) are two major 
drawbacks of CNTs sensors. Chopra and co-workers developed a new microwave sensor using microstrip disk resonator 
coated by Single Wall Carbon Nanotubes (SWCNTS) to detect gas molecules in shielded arias [4]. They demonstrate that 
microwave disk resonator coated by CNTs with simple contact requirements (SMA connector) is capable to detect gas 
molecules with short recovery time (less than 10 minutes). Figure 1-a) shows an actual prototype picture and 1-b) shows 
schematic view of microstrip disc resonator coated by SWCNTs.   
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Figure 1: (a) Actual prototype picture, (b) Schematic view of microstrip disc resonator coated by SWCNTs [5] 
 
 
Although the microstrip disk resonator coated by SWCNTs achieved to the mentioned advantages, it has some drawbacks 
such as difficulty in sensor preparation (very small gap between feedline and resonator), high cost of the sensor (using roger 
duroid board) and also it’s not suitable for measuring liquid samples. In this paper, we proposed a 2 layer FR-4 circular 
patch antenna coated with MWCNTs on the top of antenna with proximity coupled feed, to detect bio-material. Changes in 
resonant frequency of antenna depending on its permittivity and the chemical interaction between carbon nanotubes and bio-
material, will affect total permittivity of the system. By monitoring the sharp dip of the insertion loss (S11), the resonant 
frequency change can be determined and this change can be used to find total permittivity of whole system. Section I of this 
paper we briefly introduce different works which are using carbon nanotubes as bio material detector. The rest of this paper 
stated for design of a 2 layer FR-4 circular patch antenna with proximity coupled feedline as well as CST simulation results. 
Experimental set up and preparing sensor system also is explained. In the last section experimental results and conclusion 
are presented. 
 
2. FR-4 Patch Antenna 
 
The patch antenna consists of a defined metallic patch on the top side of a dielectric substrate (εr< 12) and metallic ground 
plane placed other side of substrate. The patch conductors normally of copper with conventional shapes (i.e. square, 
rectangular, circular, ring, elliptical etc.) are generally used.  
In this work, the sensor consists of two layer of normal FR-4 substrate with following description. First layer has a circular 
patch without conductive ground plane. Second layer has a conductive transmission line on the top as a feedline with 
conductive ground plane. As shown in Figure 2, first layer is placed on the top of second layer and SMA connector placed 
between two layers. 
 
 
 
Figure 2: Diagram of 2 layer FR-4 circular patch antenna 
 
In this work among different methods for patch antenna feeding, proximity coupling was used, because it can feed patch 
antenna from the ground plane side without any physical contact to the material under the test. Diameter of circular patch 
antenna is approximately calculated by:  
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Where, r is the radius of the circular patch, εr  is the relative dielectric constant of one side FR-4, c is the speed of light in 
vacuum and f0 is the resonant frequency [6].Considering 5 GHz resonant frequency of patch antenna for FR-4 substrate with 
εr = 4.3 and 1.6 mm board thickness, the radius of circular patch is calculated from Equation 1. Radius of patch antenna 
calculated from above formula is bigger than actual radius. So to find the best design parameter for circular patch, feedline 
in second layer and also estimation of our sensor performance, CST Microwave Studio 2010 is used. Figure 3 shows the 
simulation results for different size of patch antenna and feedline. From the simulation results the radius of circular patch is 
11.1 mm and feedline is 1.15mm by 27mm rectangular line. 
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  Figure 3: Simulation results for different size of patch antenna and feedline 
 
3. Experimental set-up 
 
The 50 Ω conductive line on the top of second layer of FR-4 substrate is used to couple microwave energy to the patch on 
the top of first layer from microwave source. This line soldered to 3.5 mm 50 Ω SMA connector to transfer energy from 
Vector Network Analyzer (VNA) and from sensor to VNA. Multi wall carbon nanotubes with 5-10 μm thickness physically 
coated to the top of patch antenna using conductive epoxy method (Circuit Works CW 2400).In this work we used a 
rectangular plastic cover with 2cm thicknesses attached to the top of patch antenna as a liquid holder. The centre of liquid 
holder is drilled around the patch antenna to allow interaction between sensor and liquid under test. Four nuts and bolts 
attached plastic cover to the top of patch and plastic glue was used to insure there is no liquid leakage in sensor system. 
Figure 4 shows the prototype of carbon nanotube FR-4 patch bio-sensor which fabricated in this work.  
 
 
 
Figure 4: Prototype of carbon nanotube FR-4 patch bio-sensor 
 
The electromagnetic properties of materials depend on its permittivity. The key factor to determine resonant frequency 
change in patch antenna is dielectric constant. Dielectric constant of MWCNTs, conductive epoxy, FR-4substrate and 
material under the test is the effective dielectric constant of the whole system. Figure 5 shows the experimental set-up which 
was used in this work.  
 
 
 
Figure 5: Experimental set-up 
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4. Result  
 
After connecting our sensor to VNA, the S11 parameter of the patch antenna was measured to determine the resonant 
frequency. Then ethanol was applied in to the liquid holder at the top of antenna faced to carbon nanotubes, and then S11 
parameter was measured. After drying ethanol from the surface of sensor (10 minutes) S11 parameter was measured again. 
Figure 6 shows sharp dip of resonant frequency of our sensor is 4.81 GHz when carbon nanotube faced with air. 
 
 
 
Figure 6: Resonant frequency of sensor when carbon nanotube faced with air 
 
Figure 7 shows the resonant frequency of 2 layers FR-4 circular patch antenna coated with MWCNTs was down shifted to 
4.71 GHz after applying ethanol. 
 
                                        
 
 Figure 7: Resonant frequency of sensor after applying ethanol 
 
For the next result, as shown in Figure 8 sharp dip of resonant frequency of our sensor going to 4.8 GHz after drying ethanol 
from the surface. 
                                      
 
Figure 8: Resonant frequency of sensor after drying ethanol 
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5. Conclusion 
 
This paper demonstrates feasibility of two-layer FR-4 patch antenna coated with Multi Walled Carbon Nanotubes 
(MWCNTs) as a bio-sensor system. Based on experimental results, this sensor system is sensitive to detect organic aqueous 
solution. Understanding the chemical interaction between carbon nanotubes and bio material and applying different 
polymers can improve this sensor system in Future works with polymers. 
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